Abstract-The structure of the human body is the result of biological evolution, which can support us to complete the action demand of daily life work well. But for high strength manual workers, soldiers and disabled patients with motor dysfunction, they need use external auxiliary devices to assist them in completing their actions. The exoskeleton robot is the product of man-machine fusion, which can provide wearer with an auxiliary power. The soft exoskeleton robot has the characteristics of adaptability and flexibility in movement, which is flourish. But the soft exoskeleton has the disadvantage of easy deformation of the soft material, which will affect the motion effect and the control precision. In this paper, the force position point transfer method is proposed to solve the easy deformation of the tensile force of the soft materials. The pulling force is transferred from the soft material to the hard backboard, which can solve the problem of the deformation of the soft materials. It is of great significance to improve the force effect and the precision of the robot position control.
support their daily work and life due to the disease and other reasons. These people need external auxiliary equipment to enhance their physical ability to exercise their limbs. Exoskeleton robot is a method to assist people to enhance their motion ability [2] .
Exoskeleton robot is a typical tri-co robot which has the function of following action according to the wearer [3] , which combines sensing, control, information, fusion and mobile computing technology to provide auxiliary power for operators. In 1960, the earliest exoskeleton project came from the US military enhanced armour. Meanwhile, researchers from Cornell University began to study the concept of human augmentation. The field of exoskeleton robot started from rigid robot. For more than half a century, the technology of exoskeleton robot has become more and more mature. Some representative exoskeleton robots have been developed. According to the application field, the exoskeleton robots can be divided into 3 types, which are civil robot, medical robot and military robot.
Japan's Cybernics Laboratory of University of Tsukuba scientists and engineers, developed the world's first commercial exoskeleton robot out (Hybrid Assistive Leg, HAL) [4] . This device can help manual laborers work in high intensity and the disabled to 4 kilometers per hour speed. HAL machine leg movement controlled through the automatic controller doesn't require any console or external control equipment. The HAL consists of a set of built-in induction backpack, computer and battery control equipment, 4 telex device.
The Phoenix exoskeleton robot of the United States is a medical exoskeleton. At 27 pounds, the Phoenix is among the lightest and cheapest medical exoskeletons. It also has unique abilities: the suit is modular and adjustable so it can adapt to a person of different height who just needs mobility assistance for one knee.
Raytheon developed the second generation of external skeletal mechanical equipment "XOS2". Although the design weighs 90 kilograms, but after wearing it, it can not only help wearer lift hundreds of pounds of heavy objects, but also move freely.
But these rigid exoskeleton robot has many shortcomings [5] , such as: 1) large and clumsy [6] ; 2) poor environmental adaptability and flexibility of movement; 3) poor adaptive ability; 4) no enough self-learning ability [7] . In order to solve these problems, some researchers developed the exoskeleton robot with soft structure. Exoskeleton robot soft exosuit [8, 9] is developed by Harvard University which can improve the walking [10] efficiency by assisting the hip joint and ankle joint. But this kind of soft exoskeleton robot also exist its own problems, such as not considering the effect of human body motion system and poor man-machine coupling. Long time wearing will harm not-assist muscle. And the more serious problem is the structure of soft exoskeleton robot deformation due to the driving force. When the structure is stressed, severe deformation will happen due to robots formed with soft structure, which will seriously affect the effect of assistance. And it is also a serious challenge to control.
In view of the above problems, the study developed bionic flexible exoskeleton robot design from the bionic point of view. It can realize the man-machine communion and reduce the damage of human muscle. At the same time, the force transfer method is applied to transfer the force point from the soft structure to the hard plate behind the wearer. The soft material is only used as a channel of force transmission [11] , and doesn't directly bear the pull force. In this way, it can avoid the problem of mechanical deformation of the soft material by the force. Based on this idea, a wearable soft upper limb exoskeleton robot is designed.
II. MATERIAL AND METHOD

A. Human structure analysis
Human body structure is formed through biological evolution and has excellent flexibility, rapidity, and motion stability. It is the best source of inspiration for us to design robots, especially the exoskeleton robots. The motion system of the human body is composed of three organs which are bone, bony union and skeletal muscle. Bone is linked together in different forms to form a skeleton. It forms the basic form of human body, and provides adhesion for muscles. Muscle contraction is under the innervation pulling the bone attached to it, and producing lever movement. According to the anatomical principle, the skeletal muscle can be modeled as a tension line according to its function. As shown above, the skeletal muscle of the human motion system can be simplified as a tension line according to the direction of action. Based on this idea, the skeletal muscle was simulated with the tension line. The movements of the human body are complex and flexible, but these complex and flexible movements are accomplished through a large number of muscles. In this study, we simulated the muscles by pulling line, and imitated the synergistic movement relationship of human skeletal muscle to drive the exoskeleton robot. The exoskeleton robot has the ability of simulating human motion.
B. Bionics Design
Based on the model theory above, the tension line is arranged according to the position of the skeletal muscle in the body. The design details are as follows.
1) Bionic elbow joint design:
Elbow movements are divided into elbow flexion and extension. The flexor muscle of the elbow mainly includes the biceps brachii and the brachial muscle, and the extensor muscle of the elbow mainly includes the triceps brachii. The biceps brachii is connected to the scapula at the proximal end (close to the body trunk). The other end is connected to the radial tuberosity. The humerus is located deep in the biceps brachii, extending from the former humerus and connecting the distal end of the ulna on the distal end of the humerus. The only function of the humerus is to bend the elbow. Based on this theory, the structure of the exoskeleton robot is designed. As shown in the picture, the design uses two tension lines [12, 13] to imitate two muscles that are responsible for the bending of the elbow joint. The position of the tension line is placed according to the position of the body muscles. The two tension lines work according to the principle of coordinated muscle coordination, which can bend the elbow of the humanoid structure. 2) Bionic forearm joint design: The rotation of the brachial arm is particularly important for daily life, such as the basic movement of opening the door with a key and drinking water, all of which require the rotation of the forearm to assist. The rotation of the forearm is divided into two movements: the front and the back. The muscles responsible for the rotation of the forearm arm are mainly the supinator and pronator. The muscles in charge of the pronation are mainly the pronation of the anterior muscles. The lateral circumflex muscles are connected to the distal end of the anterior forearm, and the other end is connected the anterior surface between the ulna and the distal 1/4 of the radius. The structure of supinator is complex. A group of shallow fibers extending from the epicondyle of the humerus. A group of deeper fibers extending from the crista of the supinator muscle. The two groups of muscle fibers were connected to the proximal 1/3 of the radius.
Fig. 3. Bionics Forearm rotation structure
As shown above, the design of the rotated articulation of the forearm robot can be realized by simulating the two muscles of the forearm rotated by the tension line. At the same time, the motion of the humanoid arm can be realized according to the coordination relationship between the two sides.
C. Design of soft structure
In this study, the soft material is used as the structural part of the robot. In the design of exoskeleton robot, the soft structure has many advantages: 1) lightweight; 2) easy to wear; 3) size adaptable: suitable for different sizes of wearers; 4) not limitation the wearer's own movement. The wearer can carry out the movement in the case of the natural motion pattern.
This study carried out reform design on the elbow support and bracers (McDavid, Woodridge, Illinois, USA). The use of the protective clothing is as the primary protector, ensuring the pressure of the connection between the structure and the body within the range of the human body. At the time of design, the structure of the protective clothing has taken into account the characteristics of the human body which ensures structure design is scientific. The pull point position is sewed on the pad. The protective clothing is connected to the human body. The soft protective clothing and the pull point constitute the soft structure of the exoskeleton robot.
According to anatomy principle, the structural design of soft exoskeleton was carried out. By imitating the structure of the muscle tissue of the human body, the exoskeleton can be driven according to the driving form of the person's own motion. It is avoided damage to the muscles due to the traditional exoskeleton robot without considering the body's own structure.
D. Design of force point
The body muscles drive the joint to produce motion, and the driving force is transmitted to the skeleton through the connection point between the muscles and the bones. The position and structure of the connection point are very important, which directly affects the effect of the transmission.
In the study, the structure of Figure 4 is used to simulate the connection points. The connecting point components adopt shoulder hole structure. The noose can go deep into the hole, and use ladder to fix the lasso. The pulling line can completely block the block to achieve the function of the fixed Lasso, so that the lasso force can be transferred to the wearer. The design is connected with the soft structure by the through hole shown in the structure. The connection way is sewing thread. The connection position is decided by the connection point between muscle and skeleton.
III. EXPERIMENT
A. Deformation of soft materials
At the initial stage of elbow flexor experiment, the tension point will be greatly deformed because of the force. The results are shown as follow. The reason for this phenomenon is that the soft structure is directly subjected to force, and its structural stiffness is not sufficient to support the tensile force, so it will produce deformation.
B. Force position point transfer
The specific solution is the force points were transferred to the body behind the hard plate from the soft structure. The principle of force transfer is that the point connecting the end of the outer sleeve of the pull line with the human body from the soft material of arms to the backplane. Tension line didn't stretch soft material on the arm between the position of the force of the back plate and the point of action at the end, which can avoid the deformation of the soft material caused by pulling.
C. Structure design of shoulder pressure relief pad
Through the above method of force transfer, it can effectively make the soft structure stress transferred to the back plate, thereby greatly reducing the stress point displacement problem. But from the backplane to the actual role of the lasso, it will have pressure on the body, especially in the shoulders. Because the noose is turning on the shoulders, the shoulders need to resist great pressure. The state of long time and great pressure will do harm to the shoulders. In order to solve this problem, the stress of shoulder is dispersed in the way of shoulder and pressure relief pad, and the problem of the shoulder heavy pressure is solved effectively.
The design of the pressure relief plate combines the structure of the human shoulders. The arc design makes it more suitable for the human body, and at the same time, flexible material is used to make the material, ensuring wide adaptability and keeping fit with the human body in the process of human movement. The design of shoulder pads is carried out in the commercial 3D design software package SolidWorks (Dassault Systems. SA, Concord, Massachusetts, USA), which is a powerful software program for component model building, assembly and debugging. The design parameters are adjusted with the wearers. The design process is intuitive and convenient. The final effect is shown in Figure 7 (a). The hole structure is to facilitate the connection between the backing plate and the software structure. The RAISE N2 PLUS 3D printer (Raise3D, Inc. Shanghai, China) is used to make the designed model. Because each person's body structure is different and the body is deformed during the movement, it makes use of soft material to make the structure. The effect after the completion is shown in Figure 7 (b) and it is tested by flexibility to meet the use requirements. The finished pad is worn on the body with good adaptability, as shown in Figure 7 (c).
D. Motion experiment
Multiple joint test of healthy people: Based on the above structure design, the exoskeleton robot assisting body motion experiment was carried out. The effects of the elbow joint and the forearm rotation were tested on the healthy people. The test results are as follow. As can be seen from the diagram, the effect of the motion is smooth and continuous. The soft material has no obvious deformation, and the motion effect is smooth. Exoskeleton robot has good effect to help the normal people and the disabled.
After completing the exercise test of the healthy people in the laboratory, we have done a lot of experiments on the patients' promotion under the guidance of the doctor by working with the Rehabilitation Center for the Disabled of Liaoning province.
single joint test of patients: We first selected the forearm rotation to test the single joint movement. Before wearing, the patient completely loses the movement ability. By wearing the equipment, the patient can control the machine through the healthy side limbs, so as to achieve the recovery of athletic ability. Multiple joint test of patients: After a single joint exercise test, we tested the multiple joint movements of the stroke patients. The test site is shown in Figure 10 . Before wearing a robot, the stroke patient has a certain ability to exercise, and the elbow and wrist are completely disabled. By wearing the software exoskeleton robot, we can see clearly from Figure 11 that the movement ability of the patients is enhanced significantly, and the movement process is also smooth. The experimental results have been well received by the patients.
IV. CONCLUSION
Exoskeleton robot can greatly improve the wearer's motion ability. This study is based on anatomical principles to design the robot which is driven by a tension line to imitate the mechanism of human muscle movement. At the same time, the force transfer point method is used to solve the problem of tensile deformation of the soft material. The actual motion effect can be seen from the experimental results. The force transfer method can greatly reduce the shape variables of the soft materials, which improved the effect of the auxiliary motion and the position control precision of the robot. The driving mechanism of human imitating muscles is used which ensure the robot with the similarity to the body's own movement. The work has a broad application prospect in assisting the work of high intensity workers and improving the daily life self-care ability of the elderly and the disabled. 
